During a mass media campaign accompanying the launch of the Maximum Diva Woman's Condom (WC) in Lusaka, Zambia, a cluster-randomized evaluation was implemented to measure the added impact of a peer-led interpersonal communication (IPC) intervention on the awareness and uptake of the new female condom (FC). The WC and mass media campaign were introduced simultaneously in 40 urban wards in April 2016; half of the wards were randomly assigned to the treatment (IPC intervention) with cross-sectional surveys conducted before (n = 2,364) and one year after (n = 2,430) the start of the intervention. A pre-specified intention-to-treat (ITT) analysis measured the impact of randomization to IPC at the community level. In adjusted ITT models, there were no statistically significant differences between intervention and control groups. Due to significant implementation challenges, we also conducted exploratory secondary analyses to estimate effects among those who attended an IPC event (n = 66) using instrumental variable and inverse probability weighting analyses. In addition to increases in FC identification (IPC attendees had higher reported use of any condom, improved perceptions of FC's, and were more likely to have discussed contraceptive use with their partner as compared to non-attendees). The introduction of a new FC product combined with an IPC intervention significantly increased general knowledge and awareness in the community as compared to media alone, but did not lead to detectable community level impacts on other primary outcomes of interest. Observational evidence from our study suggests that IPC attendance is associated with increased use and negotiation. Future studies should explore the intensity and duration of IPC programming necessary to achieve detectable community level impacts on behavior.
this is an umbrella term that could encompass any FC product, although at endline this likely refers to the WC that was the only FC product available. While IPC as an intervention has been evaluated rigorously, including for condom use, these studies often target high-risk groups (mainly sex workers) [17] , and evaluate IPC participation at the individual level. This study is the first to address a very general population of urban, young adults and to explore the community level impact of a program aimed at demand generation for a new FC product.
Methods

Evaluation design
A cluster-randomized controlled trial was implemented across 40 urban wards (administrative units) in Lusaka Province, Zambia, comprised of two cross-sectional surveys of young, sexually-active adults (ages 18-24 years): baseline between November 2015 and January 2016 (n = 2,364), and endline one year later between January and April 2017 (n = 2,430). Different participants were surveyed at baseline and endline, none are repeated as the goal of the trial was to determine whether there was community-level impact. All 40 wards received the mass media campaign, with 20 wards randomized to receive the intervention. The hypothesis was that individuals residing in wards that received the additional IPC intervention would have higher awareness, better perceptions, and increased uptake of the WC product compared with individuals in mass media only wards.
To calculate the sample size needed in each trial arm, we considered prevalence of any condom use as the outcome; the contraceptive prevalence rate in urban Zambia is 53%. The aim was to detect a minimum increase of 5% use with 80% power at the 95% significance level. Because the trial was clustered at the ward level, the sample size was doubled to account for intraclass correlation (ICC) within wards, as no existing estimates were available. Lastly, we increased the sample size by 10% to account for potential refusals. The final sample size was 1,157 individuals per arm or about 58 individuals per ward (n = 2,314).
Each participant gave informed, written consent to participate in the study. This evaluation received approval from both the Innovations for Poverty Action Institutional Review Board (IRB) (IRB No. 10854) and Zambia's Excellence in Research Ethics and Science (ERES) Converge IRB (IRB No. 00005948). The evaluation is registered with the American Economic Association's registry of randomized trials (AEA ID: AEARCTR-0000899).
Randomization
Wards were randomly assigned to receive IPC intervention using computer-generated random assignment. Randomization was done within strata defined by ward size and population as well as pooled values of a few baseline covariates deemed likely to be prognostic of outcomes using a 1:1 allocation ratio. Balance across intervention and control wards at baseline was assessed using a joint test in which the random assignment to receive the IPC intervention was regressed on the vector of baseline covariates. We then calculated the F-statistic testing the hypothesis that all coefficients on the baseline covariates were zero and compared it to the null distribution produced by 10,000 permutated ward-level assignments using randomization inference [18] . A p-value was then calculated by estimating the proportion of assignments which yielded F-statistics as large or larger than the true assignment.
Data collection
Enumeration areas (EAs) were overlaid for each of the 40 urban wards to divide each ward into multiple sub-units. The geographic centroid of each EA was calculated using ArcGIS v10.2 (ESRI, Redlands, CA, USA). Centroid points within 150m of a ward boundary were excluded, to avoid sampling in incorrect wards. For each survey, data collection teams employed a "random walk" sampling technique starting from a randomly selected list of five centroid GPS points per ward. From each centroid, every third house was approached in each direction, 10-12 households per centroid for a total of 58 households per ward. Households approached were recorded as visited, refused to participate, or no one home (after two follow up attempts). One individual was selected per household to participate. Inclusion criteria were being 18-24 years of age, residing in that house for at least 6 months, and being sexually active. Surveyors were trained to conduct the questionnaire in a private setting, usually within the house. Participants received 10-kwacha (1 USD) scratch off cards for mobile phone use as compensation for their participation. The survey administered was approximately 60 minutes long, and asked structured questions regarding demographics, contraceptive knowledge, access and perceptions. The survey was recorded using SurveyCTO (Dobility Inc, Cambridge MA). Endline surveys included an additional module of questions regarding the FC/WC product, marketing campaign and IPC participation. The endline questionnaire is included as supporting information. Perceptions and behaviors were only measured via questionnaire for the analysis.
Intervention & monitoring
The intervention has been described in detail previously [19] . In brief, the intervention comprised three components defined as follows:
1. Distribution of the WC: The WC was distributed to pharmacies and other outlets such as chemists and stores across all 40 urban wards (intervention and control wards). The WC was the only version of the FC available in Zambia during the intervention period.
Mass media campaign:
The WC was advertised widely, targeting young adults through radio, billboards, news media, social media, and a mobile website branded under the "Smart Choices" campaign. The media campaign in its various forms was designed to disseminate information about family planning and serve as an interactive forum for young men and women to ask sexual health related questions and generally discuss SRH related topics.
3. Interpersonal communication (IPC): IPC agents were recruited from wards within the intervention arm for local representation and received training and payment. IPC agents set up an IPC point in a high traffic area of each ward selected for the intervention arm for initial demand creation, recruiting young people for smaller group and one-on-one information sessions (as requested by interested young people). The IPC intervention included communication messages focused on how to use the WC and the benefits of male and female condoms for the prevention of unplanned pregnancies. The key components of the IPC intervention included (1) targeting men and women aged 18-24 years, (2) providing content on the importance of contraceptive use with a focus on the benefits of FCs (specifically the WC), (3) demonstrating how to use the WC on a pelvic model, and (4) training on condom use negotiations with a sex partner through theater or role playing. Information was also distributed in the form of pamphlets, and tools used for the IPC sessions included flip charts and tablets. Each IPC session was about one hour long. The material was designed to be standardized across IPC sessions although the format and topics covered did vary slightly based on interest from the participants.
A process evaluation was conducted during the implementation period to monitor the intervention and ensure fidelity to the various components of the project and measure coverage of the IPC intervention. The process evaluation was done to assess the following: (1) availability and distribution of the WC, (2) tracking of the mass media campaign, (3) penetration and reach of the IPC intervention, and (4) acceptability of the WC. First, we implemented a mystery shopper survey in half of the study wards to visit outlets and determine if the WC was available, in stock, and coupled with any advertising such as posters. This was crosschecked with previously collected data regarding distribution to outlets. Second, we monitored aggregated website data to measure traffic to the site, and checked that billboards were still in place. Third, we conducted spot checks of IPC events and shadowing of IPC agents, to monitor recruitment and ensure that all components of the IPC curriculum were routinely covered. Lastly, we conducted 30 focus group discussions to discuss perceptions and awareness of the WC product. Program monitoring occurred throughout the one-year intervention period. The process evaluation data was used to contextualize RCT findings and in particular the focus groups were used to gain a more nuanced understanding of family planning norms and concerns among both men and women ages 18-24 years. The process evaluation also identified the low availability of the WC product and the varied intensity in IPC across intervention wards.
Statistical analysis
Primary and secondary outcomes of interest were pre-specified in prior to data collection and are described in Table 1 . All participants were initially analyzed as randomized (intention to treat) regardless of whether they attended an IPC event. Intention to treat effects were estimated using a least squares regression of the following form:
Where i, j, and k index the individual, ward, and randomization strata respectively, Z ijk is an indicator of ward-level assignment to the IPC intervention, X ijk is a vector of mean-centered covariates, and γ k is a fixed effect for the k'th randomization strata. The coefficient τ represents the conditional average treatment effect under intention-to-treat. Estimates are presented for both adjusted (with the mean-centered covariates) and unadjusted specifications (without mean-centered covariates) of the model. The covariates included pooled estimates of the outcome at baseline as well as the following post-treatment variables that were believed to be Table 1 . Outcomes of interest.
Variable
Format Definition
Primary Outcomes
MC use Binary Self-reported; ever, in last 6 months, at most recent sexual intercourse.
FC use (includes WC)
Binary Self-reported; ever, in last 6 months, at most recent sexual intercourse. Participants were not consistent in identifying the WC (brand name) from FC (general term) so we refer to the FC in our results.
Interest in trying FC Binary Self-reported; interest in trying an FC in the future
Secondary Outcomes
Correct knowledge of FC plausibly invariant to the intervention: gender, age, education level, marital status, and employment status Pre-specified sub-group analyses were conducted by gender and marital status but were considered exploratory. Due to lower adherence and diffusion of the IPC intervention in the treatment wards than expected as well as spillover contamination in the control wards (i.e. two-sided non-compliance), we conducted two exploratory secondary analyses to estimate the effect of adherence. In the first analysis, we defined wards with at least one person reporting attending an IPC event as "treated" and used the original randomization as an instrument to estimate the effect of IPC among the subset of wards that were treated using two-stage least squares. This analysis estimates the community level effect of adherence. Next we conducted a second analysis to estimate the effect of attending an IPC event among the individuals who reported attending using inverse probability weighting (IPW) [21] . To construct the weights, we used logistic regression to estimate the probability of attending at least one IPC event at endline conditional on the same set of covariates mentioned in the intent-to-treat analysis above. We then estimated the effect of IPC attendance using weighted least squares regression models of the primary outcomes on an indicator of IPC attendance with heteroskedasticity robust standard errors [22] . These models provide an unbiased estimate of the effect of the IPC intervention if everyone in the sample attended compared to if no one attended, under the strong assumption of no unmeasured confounding (i.e., that there was no unobserved covariate that predicted attending and IPC and the outcome).
Results
Study population
A total of 4,817 interviews were completed; 2,364 at baseline and 2,430 at endline. At endline, almost three quarters of participants were female (73%); the average age was 21.3 years (standard deviation = 1.9 years); over half were literate (67%); about a third were married (32%); and half already had one or more children (48%). Randomization-based balance tests comparing the composition of treatment and control wards across invariant characteristics at baseline (F = 4.131 p = 0.719) and again at endline (F = 1.132; p = 0.920) imply the sharp null hypothesis that ward composition is the same cannot be rejected at conventional levels ( Table 2 ).
Intention to treat results
The proportion in each ward ever using a FC, using an FC in the last 6 months, and using an FC at most recent sex were tabulated by control and treatment arm, highlighting slightly higher proportions for all three of the primary outcomes in treatment wards (Fig 1) .
An intention-to-treat (ITT) analysis was conducted comparing wards as randomized. In unadjusted models, intervention wards reported higher rates of FC use and lower rates of male condom use; however none of these results were statistically significant at the pre-specified levels (Table 3 ). Similar patterns persist in models adjusted for gender, age, education level, marital status, employment status, and pooled estimates of the outcomes at baseline. Conditional on these covariates, the estimated effect of the IPC intervention is a 1.8 percentage point increase in female condom use (τ = 0.018, 95% CI [-0.001, 0.035], p = 0.06) which is statistically significant at the 10% level, however it is not significant at the pre-specified 5% level (Table 3) .
Heterogeneous effects by gender and by marital status were explored. Although there were no statistically significant differences in the effect of IPC intervention between the genders overall, it was noted that among men only, those in IPC intervention wards were slightly more likely to report ever using the FC (p = 0.09), or using the FC in the last 6 months (p = 0.08), however, this was not significantly different from the estimate of the effect among women (p = 0.371 for ever use, p = 0.146 for last 6 months) (Fig 2) .We observed significant differences in the effect of randomization to IPC on the probability of discussing contraception by marital status (p = 0.027) and the probability of using male condoms at most recent sex (p = 0.079). Among unmarried respondents, randomization to IPC increased the probability of discussing contraception by 1.7 percentage points (95% CI [-0.05, 0.08]) while randomization to IPC decreased the probability by 5.8 percentage points (95% CI [-0.13, 0.01]) among married respondents (Fig 3) . Similarly among married respondents, randomization to IPC decreased the probability of using a male condom at most recent sex by 6.6 percentage points (95% CI [-0.10, -0.03]). 
Monitoring results
During the one-year intervention period, IPC agents conducted 9,943 IPC sessions that included 34,087 attendees. 55% of attendees were female (n = 18,639). 40% (n = 13,555) were within the target age range, with most in the 25-35 year age range. Mystery shoppers visited 22 of the 40 study wards in which a listing exercise was previously conducted. Of the 532 outlets visited, only 27 (5%) stocked the WC product at the time of the visit. Of the 27 outlets that did stock it, 78% were pharmacies. One quarter of participants reported they were familiar with the FC and the WC specifically, and of those surveyed, only 3% reported attending an IPC session (n = 66). The number of IPC events hosted and the number of outlets identified selling the WC varied by ward (Fig 4) .
Estimated community level adherence results
Due to low levels of people reporting attending an IPC event in treatment wards in the endline (N = 66) as well as implementation challenges and reported spillover in control wards, further exploratory analyses were undertaken to estimate both the community level effect of IPC among those living in a ward in which at least one person reported attending an IPC event (IV analysis) as well as the individual effect of attending an IPC event (IPW analysis). Compared with the ITT results, the IV analysis suggests that community level effect estimates for primary and secondary outcomes are stronger across wards where at least one person at endline reported attending an IPC event; however none of these are statistically significant. In the IPW results, participants who attended IPC were more likely to report using any condom (male or female) (τ = 0.105; 95% CI [0.067, 0.143]), and to correctly identify a FC (τ = 0.243; 95% CI [0.081, 0.405]) ( Table 4 ). They also had a 0.556 standard deviation increase in the FC attitudes index indicating improved perceptions of FC's (τ = 0.556; 95% CI [0.126, 0.985]) (Table 4) . Lastly, those who attended were 16% percentage points more likely to discuss contraceptive use with their partner (τ = 0.163; 95% CI [0.081, 0.246]) ( Table 4 ).
Discussion
This is the first cluster randomized evaluation of the impact of the WC coupled with IPC at the community level in an urban sub-Saharan African setting, targeting a general young adult population. Our trial demonstrated that after one year, a quarter of participants reported they were familiar with the WC campaign, having seen the mass media or heard about it from a friend or health worker. Although participants were not consistent in terminology between the WC vs a general FC product, the WC was the only version of a FC available on the market and therefore we assumed responses regarding the FC were in reference to the WC. The ITT model did not detect any community level differences between intervention and control groups with regards to awareness of the new FC product or its use. This may be because of intervention challenges (variation in intensity of IPC across intervention wards resulting in low attendance overall, lack of availability of the WC product in outlets, high spillover of those residing in control wards attending IPC events in intervention wards). The IPW analyses of compliance effects highlighted significant increases in reported use of any condom (male or female), correct identification of an FC, improved FC perceptions, and higher reported discussion of contraception with a partner. While these effects were not detected at the community level using the more rigorous randomized design, our compliance effects findings are supported in the literature and warrant further exploration. IPC for behavior change is promising, suggesting exposure to IPC is associated with knowledge acquisition and acceptability of sensitive topics such as condom use [23] . They may also diffuse messages through social networks and communities to spread information and reinforce condom use norms, increasing acceptability [24] . The IPC curriculum for this study included components identified as critical to uptake by previous studies, for example, that IPC must address attitudinal and cultural barriers [25] , include product demonstration [26] , and improve partner communication [27] . Uptake of the WC depends on being able to change perceptions, gender relations, and culture to increase acceptability [4] . For example, some studies report the FC is stigmatized as the product is linked with infidelity and commercial sex work https://doi.org/10.1371/journal.pone.0225832.g004 [4] . IPC is a potentially useful tool necessary to complement the rollout of an FC product to address norms and contextual factors that act as a barrier to uptake and acceptability. While our ITT model results did not detect an effect, this may suggest that a higher coverage of IPC over more than a one year time period, with higher product availability, is necessary to change perceptions and use and sustain these changes. The lack of findings may suggest that the IPC intervention was not sufficient to change perceptions and use, but may also reflect some of the implementation challenges faced.
Identified implementation challenges regarding IPC attendance rates likely limited the detection of impact on outcomes of interest. Variation in the number of IPC events held per ward resulted in uneven access. Second, although this improved over time, there was some misalignment between survey and IPC populations. Due to the survey protocol, only 18-24 year olds were eligible; however, IPC attendees were slightly older (60% were 25-30 years old), and more gender balanced (53% female IPC attendees vs 70% of survey participants). Thus, the survey results may not have reflected the population of IPC attendees. Third, the one-year implementation period may not have been sufficient to stock the product for a community level impact. Findings from qualitative data collected during the implementation period suggest the product was not commonly for sale, and mystery shopper findings support this as only 5% of randomly visited outlets stocked the product. Lack of availability and access is a major barrier to use that has been identified in many studies [4] . Lastly, IPC coverage may have been too low to detect an effect using this study design. The hypothesis was that IPC would have sufficient saturation and coverage throughout intervention wards, with relatively little spillover to control wards; however, about half of survey participants who attended IPC were from control ward likely because individuals travel freely and IPC agents encouraged bringing friends or partners (regardless of ward of residence). Due to the cross-sectional design, tracking behavior of individual IPC attendees before and after exposure was not possible, but estimated community adherence results from our secondary analysis do suggest an effect.
Our findings can inform future health communication programs, including efforts to promote FCs in urban African settings. Challenges in procurement and distribution of the product over the short implementation period likely limited the ability to detect an effect of our intervention; however, these challenges are often faced in evaluations of field-based programs. To understand these implementation challenges, we collected monitoring and qualitative data to contextualize the evaluation results and understand the realities on the ground, which suggested a positive positioning for the WC product. Study participants reported high interest; in the future, 38% were interested in using a MC (vs 64% interested in using a FC). There is a market for the WC product, but additional research may be necessary to determine: first, the required duration of implementation and coverage of IPC to see diffusion of effects at the community level, and second, to identify whether different segmentation is required. Within the narrow age range of 18-24 years, many participants were married and some already had children-both major factors determining contraceptive preferences. Also, as discussed above, slightly older individuals (24-35 years of age) may be most interested. It is unclear if the slightly older age of IPC attendees reflects these demographic characteristics, or just that they were more likely to be recruited to IPC sessions or more willing to attend, but might indicate the need for a different recruitment strategy.
Overall, findings suggest that within a short implementation period of one year, the new WC with its specific branding of Maximum Diva was recognized by a quarter of young adults in Lusaka, and there is strong interest in this product. Although not detected at the community level using a rigorous ITT design, IPC attendance was found to increase awareness of the product among 'compliers'. In addition, 'compliers' in our secondary analysis reported increased use of any condom, improved perceptions of FC's and increased partner communication regarding contraception. IPC is a useful strategy to change norms and perceptions around FC products, which is critical to increase acceptability and uptake. Adding an FC product such as the WC to the method mix in a country increases the overall proportion of protected sexual acts in a population, making it an important option to make available [4] . Process evaluation and qualitative data collection are important to contextualize evaluation results and improve understanding of implementation challenges faced. Future research should determine the duration, intensity and frequency of the IPC necessary to effectively cover a general population of young adults in an urban center.
